-Systemic acquired resistance (SAR) prepares infected plants for faster and stronger 17 defense activation upon subsequent attacks. SAR requires an information relay from primary 18 infection to distal tissue and the initiation and maintenance of a self-maintaining 19 phytohormone salicylic acid (SA)-defense loop. 20 -In spatial and temporal resolution we show that calcium-dependent protein kinase CPK5 21 contributes to immunity and SAR. In local basal resistance CPK5 functions upstream of SA-22 synthesis, -perception, and -signaling. In systemic tissue, enhanced CPK5 signaling leads to 23 an accumulation of SAR marker genes including transcription factor Systemic Acquired 24
Introduction 39
Rapid and long-term activation of the plant immune system guarantees plant survival upon 40 pathogen infection. Pathogen recognition initiates early intracellular responses at the local 41 infection site, which involve changes in ion fluxes inclusive an increase of the cytoplasmic 42 calcium concentration, recruitment of signaling cascades and the activation of transcriptional 43
reprogramming. The information of local 'having been attacked' is subsequently relayed to 44 distal plant parts. On the basis of phytohormone-mediated transcriptional and metabolic 45 changes, resistance to the attacking pathogen is manifested in the entire plant. The plant 46 may establish and maintain systemic acquired resistance (SAR) and thus prime an immune 47 memory of 'being prepared to defend upon a subsequent attack' (Hake & Romeis, 2018) . Furthermore, CDPKs are implicated in the relay of an immune signal from local to distal sites. 108
In particular, Arabidopsis CPK5 has been implicated to drive a calcium-and ROS-based 109 auto-propagating signaling loop, which contributes to signal propagation from a local 110 infection site to un-infected foliar tissue of a plant in PTI (Dubiella et al., 2013; Seybold et al., 111 2014; Hake & Romeis, 2018) . 112
However, a specific requirement of calcium signal decoding during the manifestation of SAR 113 in systemic plant tissue at later time points after a primary local pathogen attack is unknown. 114
Plants overexpressing CPK5-YFP show constitutive CPK5 enzyme activity. Enhanced 115 CPK5-signaling leads to constitutive defense responses and increased SA-dependent 116 disease resistance in these plants (Dubiella et al., 2013) . Independently, several alleles of 117 cpk5 have been identified in a forward genetic screen as suppressors of the autoimmune 118 mutant exo70B1 characterized by its resistance to multiple bacterial and fungal pathogens. 
and fmo1 (SALK_026163) and subsequently genotyped in filial generations. Primers used for 145 genotyping are listed in Supplementary Table 1 . Plant lines ics1, pad4, eds5, and sard1 were 146 obtained from the Nottingham Arabidopsis Stock Centre (NASC), npr1-1 was kindly provided 147 by C. Gatz (University Göttingen, Germany), ald1 and fmo1 were kindly provided by J. Zeier 148 (University Düsseldorf, Germany). CPK5-YFP#7 and CPK5mut-YFP #15 (expressing a 149 kinase-deficient variant of CPK5) have been described previously (Dubiella et al., 2013) . 150 151
Generation of CPK6-YFP overexpressing line 152
The coding region of full-length CPK6 (AT2G17290) was amplified from Col-0 cDNA with 153 primers CPK6-YFP-LP and CPK6-YFP-RP. The 1636 bp CPK6 fragment was cloned into the 154 pENTR D/TOPO vector (Invitrogen) and confirmed by sequencing. The C-terminal YFP-155 fusion construct was generated by LR-Gateway recombination into pXCSG-YFP. Transgenic 156 Arabidopsis plants were generated by the floral dip method. The flowering Arabidopsis 157 thaliana Col-0 plants were dipped into Agrobacterium tumefaciens GV3101 pMP90RK 158 carrying pXCSG-CPK6-YFP. Seeds were harvested and selected for BASTA-resistance to 159 gain independent transformants. 160 161 6
Generation of CPK5-StrepII, CPK6-StrepII and CPK5-YFP-StrepII constructs 162
The C-terminal CPK6 StrepII-fusion construct was generated by using the pENTR D/TOPO 163 CPK6 vector via LR-Gateway recombination into pXCSG-StrepII. The coding region of full-164 length CPK5 (AT4G35310) and CPK6 were amplified from pXCSG-CPK5-StrepII, pXCS-165 CPK5-YFP (Dubiella et al., 2013) 
Gene expression analysis by RT-qPCR 175
To analyze transcript levels RNA was extracted from leaf tissue using the TRIzol method 176 (ThermoFisher). 2 μg of RNA was incubated with RNase-free DNase (Fermentas) and 177 subjected to reverse transcription using SuperscriptIII SuperMix (ThermoFisher) according to 178 the manufacturer's protocols. Real-time quantitative PCR analysis was performed in a final 179 volume of 10 μl according to the instructions of Power SYBR Green PCR Master Mix 180 (Applied Biosystems) using the CFX96 system (Bio-Rad). Amplification specificity was 181 evaluated by post-amplification dissociation curves. ACTIN2 (At3g18780) was used as the 182 internal control for quantification of gene expression. Primer sequences are listed in Table  183 S2. 184 185
Protein expression and purification 186
The expression vector pET30 containing CPK5-YFP-StrepII, CPK5-StrepII or CPK6-StrepII 187 was introduced in E. coli BL21 (DE3) (Stratagene) strain. Bacteria were grown at 37 °C in LB 188 media containing 50 µg/ml kanamycin and protein expression was induced at OD 600 0.5-0.8 189 with 0.3 mM isopropylthiol-β-galactoside (IPTG) and incubated for an additional 2-2.5 h at 28 190 °C. Cells were harvested by centrifugation. Cells were lysed in lysis buffer (100 mM TRIS pH In-gel kinase assay 220
Phosphorylation events were monitored in unstressed Arabidopsis two-week-old seedlings 221 as described previously (Dubiella et al., 2013) . Seedlings were grown on 0.5 MS + 1% 222 sucrose for 2 weeks and harvested in pools of 200 mg and directly frozen in liquid nitrogen. Experiments were performed as described previously (Dubiella et al., 2013) . 239 240
Gas chromatographic analysis of amino acid derivatives 241
The analysis was performed as described by Návarová et al. (2012) . Statistical analysis was 242 done using student's t-test. 243 244
Accession numbers 245
Sequence data from this article can be found in the Arabidopsis Information Resource or 246
GenBank/EMBL databases under the following accession numbers: CPK5 (AT4G35310), 247 To address whether SA synthesis and SA signaling are required for CPK5-mediated 255 enhanced resistance to bacterial pathogens we performed crosses between the CPK5-256 overexpressing line CPK5-YFP#7 and defense mutants ics1, eds5, npr1-1, pad4, and sard1. 257
The phenotypic analysis revealed that reduced rosette diameter, necrosis, and crinkled 258 leaves, which are attributed to enhanced CPK5-activity in line #7, are no longer evident in 259 crossing lines in the absence of SA biosynthesis (ics1), transport (eds5) or signaling (npr1) 260 ( Fig. 1a) . This phenotypic reversion is corroborated by the expression of PR1, indicative for 261 SA signaling, and FRK1, an flg22-responsive marker gene. CPK5-YFP#7 is characterized by 262 constitutive high levels of PR1 and FRK1 (Dubiella et al., 2013) , whose basal gene 263 expression is reverted to Col-0 levels in the crossing lines ( Fig. 1b) . Accordingly, in pathogen 264 growth assays with the virulent pathogen Pseudomonas syringae pv. tomato (Pst) DC3000 265 enhanced bacterial resistance indicative for CPK5-YFP#7 is compromised, and crossing 266 lines show either bacterial counts as the Col-0 wild type (x npr1) or become even more 267 susceptible than Col-0 (x ics1, x eds5) (Fig. 1c) . The expression and presence of active 268 CPK5-YFP protein kinase was confirmed by western blot and in-gel kinase assay as 269 exemplarily shown for crossing lines to ics1 and npr1 (Fig. S1a,b) . These data indicate that 270 SA biosynthesis and SA downstream signaling are predominantly responsible for CPK5-271 mediated defense reactions. 272
Likewise, PAD4, a key component and positive regulator of defense responses in the context 273 of ETI upon activation of TIR-NB-LRR proteins, is required for CPK5-dependent and SA-274 mediated bacterial resistance. In line pad4 x CPK5-YFP#7, the plant rosette diameter, 275 defense marker gene expression, and pathogen growth are reverted to Col-0 phenotypes 276 ( Fig. 1) . The crossing line edr1 x CPK5-YFP#7 shows reduced PR1 and FRK1 defense 277 expression compared to CPK5-YFP#7, but still elevated compared to Col-0, and retains its 278 increased higher basal resistance, accompanied by the phenotype of a small plant rosette 279 and the development of necrosis symptoms. Compared to an increased susceptibility of ics1 280 and npr1 single mutants crossing lines show a certain benefit of enhanced CPK5-signaling 281 resulting in less bacterial growth ( Fig. 1b) . These data hint toward an additional contribution 282 of CPK5-triggered defense activation independent of ICS1 and NPR1. 283 284
The expression of SAR marker genes depends on CPK5 285
We next assessed SAR marker gene expression ALD1 and FMO1 in a temporally and 286 spatially defined manner using a modified systemic signaling assay. Three local (proximal) 287 leaves were stimulated by either mock-(10 mM MgCl 2 ) or 200 nM flg22-infiltration. Samples 288 of systemic tissue were harvested two days after the local infiltration (2 dpi) and gene 289 expression was monitored via RT-qPCR. Enhanced CPK5 signaling in CPK5-YFP#7 resulted 290 in high constitutive ALD1 and FMO1 expression, irrespectively of a mock or flg22 treatment 291 ( Fig. 2a) . Likewise, NHL10, a marker gene for rapid CPK5-dependent defense signal 292 propagation, is constitutively expressed in systemic tissue. In contrast, Col-0 and CPK6-293 YFP#23 do not display elevated SAR marker gene expression. Single mutant lines of cpk5 294 more than of cpk6 show some reduction in basal and systemic ALD1, FMO1 and NHL10 295 expression at 2 dpi even after the local flg22 stimulus (Fig. 2b) . These data corroborate a 296 specific role of CPK5 over CPK6 in the regulation of temporal late and spatially distal 297 expression of defense genes. 298
299

CPK5 contributes to priming 300
To address whether the observed constitutive ALD1 gene expression correlates with SAR 301 marker metabolite Pip accumulation we determined Pip levels by gas chromatography-mass 302 spectrometry (GC-MS) analysis in Col-0 and CPK5-YFP#7 plants. A statistically significant 303 accumulation of Pip was measured in CPK5-overexpressing lines in the absence of 304 pathogen exposure ( Fig. S2) . 305
Next, we conducted SAR bacterial growth assays where plants were exposed to a priming 306 infection with avirulent Pseudomonas syringae pv. maculicola ES 4326 avrRpm1 (Psm 307 avrRpm1) in local (proximal) leaves, followed two days later by a triggering infection with 308 virulent Psm ES 4326 in distal leaves ( Fig. 3 and scheme in Fig. S3) . The reported benefit of 309 priming as reduced bacterial growth upon a secondary infection is observed in Col-0 plants 310 ( Fig. 3, Fig. 4d, Fig. 5b ) ( (Fig. 1c, Fig. 3b, Fig. 4c,d, Fig. 5b) . Interestingly, this 314 basal level of CPK5-mediated resistance, already seen upon infection with the virulent strain, 315 mimics the SAR level in primed Col-0 plants. Remarkably, when CPK5-YFP#7 is subjected 316 to a combination of priming and triggering infections, a status of hyper-resistance ('super-317 priming') is observed (Fig. 3b, Fig. 4d, Fig. 5b) . No alteration in priming capacity compared 318 to Col-0 is observed in plants overexpressing CPK6 (CPK6-YFP#23) ( Fig. 3d) . A loss of 319 priming capability is observed in cpk5 cpk6 double mutant lines ( Fig. 3e) , whereas no 320 statistically significant reduction of priming occurs in respective cpk5 and cpk6 single mutant 321 lines ( Fig. 3a,c,e ). These data are consistent with previous reports in which single cpk 322 mutants did not show compromised resistance to infections with virulent bacterial pathogens 323 (Boudsocq et al., 2010) . 324 325
CPK5-mediated priming is dependent on ALD1/FMO1-signaling 326
We next generated crosses between ald1 and fmo1 mutant lines, respectively, and CPK5-327 YFP#7 and double homozygous plants were selected. Both crosses, ald1 x CPK5-YFP#7 328
and fmo1 x CPK5-YFP#7, no longer show the reduced growth phenotype manifested in a 329 smaller rosette, disordered leaf shape and lesion development caused by CPK5-YFP 330 overexpression ( Fig. 4a) . Also, basal expression of marker genes ICS1 and NHL10, both 331 elevated in CPK5-YFP#7, are reverted to Col-0 wild type level in the crosses (Fig. 4b) . 332
In standard bacterial growth assays using Pst DC3000 both single mutant lines, ald1 and 333 fmo1, are more susceptible to bacterial pathogens compared to wild type. In crosses, the 334 enhanced resistance of CPK5-YFP#7 is lost. Thus bacterial growth in ald1 x CPK5-YFP#7 is 335 reverted to Col-0 wild type level and in fmo1 x CPK5-YFP#7 bacterial growth resembles that 336 of the fmo1 single mutant (Fig. 4c) . These data demonstrate that full CPK5-mediated 337 resistance depends on ALD1 and FMO1. 338
To address the dependency of CPK5-mediated SAR on ALD1 and FMO1, priming 339 experiments were conducted in temporal and special resolution as described above. Priming 340 as observed in Col-0 and the 'super-priming' phenotype of CPK5-YFP#7 was entirely absent 341
in ald1 x CPK5-YFP#7 and fmo1 x CPK5-YFP#7 (Fig. 4d) . Instead, inoculated plants showed 342 increased susceptibility like un-primed Col-0 or became even more susceptible (fmo1 x 343 CPK5-YFP#7), consistent with FMO1 enzyme catalyzing the reversion of SAR marker 344 metabolite Pip to NHP during SAR (Hartmann et al., 2018) . 345
346
CPK5-mediated priming depends on SARD1 347
We next assessed whether CPK5-mediated 'super-priming' requires SAR key transcription 348 factor SARD1. Our expression analysis revealed a high constitutive level of SARD1 transcript 349 in line CPK5-YFP#7 compared to Col-0. SARD1 transcript accumulation is absent in priming-350 deficient crosses ald1 x CPK5-YFP#7 and fmo1 x CPK5-YFP#7 and also in the ald1 and 351 fmo1 single mutants whereas basal SARD1 expression is slightly reduced in cpk5 compared 352
to Col-0 ( Fig. 5a) . 353
To investigate whether SARD1 is required for CPK5-mediated priming or 'super-priming', a 354 cross between sard1-1 and CPK5-YFP#7 was generated and double homozygous plants 355
were analyzed. In the crossed lines, local and systemic ALD1 and FMO1 gene expression at 356 2 dpi, which is constitutively elevated in CPK5-YFP#7, is entirely absent (Fig. 5c) . The same 357 is observed for PR1 and FRK1 (Fig. 1b) . Remarkably, in sard1-1 x CPK5-YFP#7 the 358 systemic ALD1 and FMO1 expression is low in unstimulated conditions (resembling Col-0), 359 but upon flg22-stimulation both gene transcripts accumulate to high levels comparable to 360 those of the CPK5-overexpressing line. These data correlate with the phenotype of sard1-1 x 361 CPK5-YFP#7 plants, which display a reduced rosette diameter and lesion development 362 compared to CPK5-YFP#7 (Fig. 1a) , and which also show enhanced resistance to the 363 virulent bacterial pathogen Pst DC3000 (Fig. 1c) . 364
Priming experiments for bacterial growth in SAR reveal that sard1-1 x CPK5-YFP#7 plants 365
are still able to repress bacterial growth to the level of the CPK5-overexpression line. 366
However, in the absence of SARD1, these plants are unable to induce 'super-priming' 367 observed in the CPK5-overexpressing line (Fig. 5b) . Thus, ectopic activation of CPK5 368 throughout the entire plant induces immunity against bacterial pathogens. Although defense 369 is already activated by CPK5-YFP in distal leaves, an additional SARD1-dependent signal is 370 relayed. These data suggest that CPK5 signaling mediates both, rapid local and long-term 371 distal resistance responses, to restrict pathogen growth. SARD1, a transcriptional regulator 372 whose gene itself is induced late during pathogen infection, is required only for the latter. 373
Whereas in sard1-1 x CPK5-YFP#7 CPK5-mediated enhanced basal resistance is unaltered, 374 plants miss the late additional resistance benefit of having been primed. 375 376 CPK5 is a highly responsive calcium-activated enzyme 377
The calcium concentration at which a CDPK displays half-maximal phosphorylating kinase 378 activity, K50 [Ca 2+ ], reflects an isoform-specific biochemical parameter and differs even 379 between close homologs within the CDPK gene family. A low K50 for calcium is indicative for 380 an enzyme that has adopted its catalytically active conformation at low concentrations of 381 calcium. In standard in vitro kinase assays with recombinant enzymes toward synthetic 382 peptide substrate Syntide 2 the K50 [Ca 2+ ] for CPK5 is as low as ~94 nM and for CPK6 ~186 383 nM (Fig. 6a,c) (Fig. 6b,d) . Likewise, similar low K50 [Ca 2+ ] is determined for 389 fusion protein CPK5-YFP for both substrates (Fig. S5) . 390
Remarkably, the CPK5-YFP fusion protein displays higher kinase activity at low [Ca 2+ ] 391 concentrations compared to CPK5 in a rapid kinetic assay (Fig. 6e) . This is consistent with 392 an interpretation that CPK5-YFP undergoes more rapidly (and at lower cytoplasmic calcium This preparedness is corroborated by more rapid and vigorous activation of defense 403 responses. Because long-term defense activation may come at the cost of growth retardation 404 and a delay of plant development, the decision to switch in the SAR mode has to be tightly 405 controlled. SA plays a pivotal role in plant immunity, and SA accumulation is undoubtedly a 406 key executor to establish and maintain SAR. However, SA is not considered to be the one 407 and only signal molecule to be transported through the plant. Thus, the switch to SAR 408 requires an information relay of the 'having been attacked' perception from local to distal 409 plant sites as well as the initiation and maintenance of an SA-accumulating defense loop that 410 manifests a 'being prepared when it happens again' information (Hake & Romeis, 2018). 411
412
CPK5 signaling triggers SARD1-dependent SAR and mediates 'super-priming' 413
Plants overexpressing CPK5-YFP show increased basal resistance to the virulent bacterial 414 pathogen Pst. CPK5 signaling-mediated immunity is thereby dependent on SA. In crosses of 415 the CPK5-YFP#7 line to mutants ics1, eds5, pad4, and npr1-1 implicated in SA biosynthesis 416 and signaling in PTI and ETI, CPK5-dependent defense marker gene expression and 417 resistance to virulent Pst is compromised and plant growth is reverted to wild type (Fig. 1) . 418 CPK5 can, therefore, be placed upstream of PAD4 and the cascade of SA-dependent 419 defense reactions. 420
Here we show that CPK5-YFP overexpressing plants constitutively express SAR marker 421 genes ALD1 and FMO1 at late time points in distal leaves, and these plants also accumulate 422 Pip (Fig. 2, Fig. S2) . Plants of enhanced CPK5-signaling contain therefore all essential 423 components for a Pip-and SA-dependent signaling amplification loop via ALD1/FMO1/ICS1. 424
Consistently, CPK5-YFP overexpressing lines show a 'super-priming' phenotype of 425 enhanced bacterial resistance in the context of SAR (Fig. 3, 4, 5) . Priming and 'super-426 priming' is entirely lost in crosses ald1 x CPK5-YFP#7 and fmo1 x CPK5-YFP#7 (Fig. 4d) , 427 and the benefit of enhanced CPK5-signaling is lost in both, basal and systemic resistance 428 ( Fig. 4c,d) . 429
Additionally, enhanced CPK5-signaling results in a constitutive accumulation of SARD1 430 transcript, validating the constitutive high ALD1 and FMO1 expression levels in these lines 431 even in absence of any pathogen-related stimulation. Comparably low systemic SARD1 432 expression and low ALD1 and FMO1 transcript levels are detected in cpk5 (Fig. 2b) . Plants 433 that overexpress SARD1 are reported to be more resistant to bacterial infection in basal 434 immunity and to accumulate SA (Zhang et al., 2010), similar to what is observed for CPK5-435 overexpressing lines. Interestingly, high constitutive transcript levels of ALD1 and FMO1 in 436 CPK5-YFP#7 are reverted in a sard1 background (Fig. 5c) , mimicking the sard1 single 437 mutant (Sun et al., 2015) . Remarkably, upon an flg22 immune stimulus, systemic ALD1 and 438 FMO1 expression at 2 dpi is induced to a comparably high level as seen for enhanced 439 CPK5-signaling in CPK5-YFP#7 (Fig. 5c) . These data suggest that a local pathogen attack 440 induces basal resistance which includes CPK5, CPK6, and in case other CPKs. In addition, 441 CPK5 participates in signal propagation and in the control of a distal switch into SAR. Yet, in 442 the absence of SARD1, SAR cannot be maintained. 443
This interpretation is mirrored by SAR bacterial growth phenotypes of the respective crossing 444 lines. Plants of ald1 x CPK5-YFP#7 and fmo1 x CPK5-YFP#7 lost both, the CPK5-mediated 445 enhanced basal resistance and systemic priming (Fig. 4c,d) . In sard1 x CPK5-YFP#7 the 446 enhanced CPK5-dependent basal resistance from CPK5-YFP#7 is retained, but a memory of 447 'having been attacked', the SARD1-dependent additional (super-) priming which is 448 corroborated by a constitutive ALD1 and FMO1 expression, is lost (Fig. 5b) . These data link 449 CPK5-signaling with SARD1 function, and both are required to mount and maintain the 450 . These data implicate that the intracellular calcium status is essential 473 also in the control of SAR. 474 CPK5 and CPK6 classify to the CPDK subfamily I and comply with a consensus CDPK 475 enzyme with 4 canonical EF-hand motifs (Cheng et al., 2002) . In biochemical assays the 476 catalytic activities of CPK5 and CPK6 are calcium-dependent. A remarkably low K50 [Ca 2+ ] 477 of 93 nM was determined for CPK5 and of 186 nM for CPK6 (Fig. 6a,c) . These data indicate 478 that in particular CPK5 is most sensitive to subtle [Ca 2+ ] changes around the intracellular 479 resting calcium concentration. Thus, this low K50 [Ca 2+ ] may explain why CPK5 (but not 480 CPK6) is part of a signal propagation mechanism from local to distal sites via a 481 CPK5/RBOHD-driven auto-activation circuit (Dubiella et al., 2013) , why overexpression of 482 CPK5 (but not of CPK6) induces SAR, and why CPK5 (but not CPK4, CPK6, and CPK11) is expression nor enhanced SAR towards bacterial pathogens (Fig. 2a, 3d) . Consistently, ROS-494 generation driving immune signal propagation has been shown to be compromised in cpk5 495 but not in cpk6 (Dubiella et al., 2013) . 496
497
CPK5 protein amount and catalytic activity contribute to the manifestation of priming 498
The underlying mechanism that manifests SAR is a matter of ongoing research and the 499 accumulation and activation of signaling molecules, the modifications at the chromatin level In the CPK5-overexpressing line CPK5-YFP#7 the enzyme accumulates to a high protein 526 amount that is even stronger in line CPK5-YFP # 2 (Dubiella et al., 2013) . Additionally, the 527 CPK5-YFP fusion protein is biochemically more active at a given low cytoplasmic [Ca 2+ ] level 528 than native CPK5, which correlates with an observed constitutive biochemical 529 phosphorylation activity of CPK5-YFP in these lines (Dubiella et al., 2013) . Taken together, 530 our data are consistent with the interpretation that CPK5-YFP mimics a pre-formed 531 ('primed'), phosphorylation competent state (synonymous to a so-called 'protein mark'), 532 which in dependency of SARD1 is responsible for 'super-priming'. 533
Our data are in accordance with a model where CPK5 guards the cytoplasmic calcium status 534 in resting cells facilitated by its low K50 [Ca 2+ ] (Fig. 7) . Following a primary pathogen attack 535 and subsequent rise in cytoplasmic [Ca 2+ ], CPK5 predominantly acquires its open 536 conformation, and local defenses and basal immunity are established, in case in joint 537 function with other locally activated CPKs. In ETI, the information of 'having been attacked' is 538 spread via a CPK5-mediated calcium/ROS propagation mechanism and meets the command 539 of 'having to defend' mediated through the synthesis and accumulation of SA and Pip / NHP 540 defense metabolites, which in the presence of SARD1 lead to a switch into and maintenance 541 of SAR in systemic plant tissue. It is conceivable that during the immune memory CPK5 542 adopts a primed enzyme state, likely manifested through a distinct intramolecular pattern of 543 protein phosphorylation combined with a change in protein conformation that allows a more 544 rapid enzyme transition to the fully active state upon a triggering stimulus, for example during 545 a secondary pathogen attack (Fig. 7) . 546
Thus, CPK5-signaling, already required for the spatial defense signal spread into the entire 547 foliage of a plant, may also contribute to the temporal switch -via the linkage of calcium 548 signaling to the activation of SARD1to induce (reversible) SAR. Whether SARD1 is solely 549 activated on the transcriptional level or also on the post-translational level, e.g. upon direct 550 interaction and phosphorylation of SARD1 protein through CPK5, remains to be shown. and a control (infiltration of 10 mM MgCl 2 as mock treatment) on three fully developed lower 867 leaves (shown in blue). After 24 h these leaves were removed. After two days, three 868 subsequent systemic leaves (shown in green) were subjected to a secondary stimulation 869 (triggering stimulus) by infection with virulent Psm ES 4326 and the corresponding equality of 870 infiltration events was monitored (corresponds to 0 dpi of cell monitoring). After five days, 871 comparing to 3 dpi after the triggering stimulation, bacterial growth of virulent Psm ES 4326 872 was monitored. 
